Abstract. Dimensional approaches have been used to describe the fundamental dimensions that underlie the entire domain of normal and pathological personality. We tested the five factor model of personality structure in a sample of Japanese twins, to clarify the contributions of genetic and envi ronment. The revised NEO personality inventory (NEO-PI-R) was administered to 251 twin pairs, ranging in age from 15 to 27 years of age. The NEO-PI-R is a 240-item questionnaire which was developed to assess the dimensions of personality. Univariate genetic analysis showed that the AE model in which phenotypic covariances are explained only by additive genetic (A) and nonshared environment (E) is still a plausible model, and that the relative proportion of genetic influence was comparable to that reported by Loehlin (1992) . Multivariate genetic analysis of the Japanese data suggested/revealed that the five factors are genetically dependent on each other and one common genetic factor mediates their interdependence. Previous studies have assumed that they are pheno typically independent and robust. Although there are sampling biases in the present study, it is note worthy that the results for all five factors depicted by the NEO-PI-R were comparable to those reported by Western researchers, and the genetic structure of the five-factor model is complex. 
Although
a categorical approach has been used in psychiatry to describe personality disorders, the limi tations of that approach are well-known, and a dimen sional approach has been proposed as an alternative. To clarify the genetic and environmental contribu tions and the underlying structure of personality in a Japanese population, we used the results from an ad ministration of the revised NEO personality inventory (NEO-PI-R)8 in the biggest twin study in Japan during the past three decades. The NEO-PI-R was developed to cover all dimensions of human personality traits and to provide a well-structured and standardized measure ment instrument.
Methods

Subjects
The data were obtained from twins who are par ticipating in the Keio Twin Project (KTP) which is designed to study human behavioral genetics, with an initial focus on cognitive abilities and molecular genet ics as well as personality (Ando J, Ono Y: Keio Twin Project. submitted as an abstract: Twin Res 1998; 1: 81)
We are constructing a residential data list; to date, data from approximately 5,200 pairs of twins who live in the metropolitan Tokyo area have already been obtained. This list is named the Keio Twin Registry (KTR) and contains names, addresses and birthdates of twins. Subjects live together and have the same birth dates. They range in age from newborns to forty-five, but most are less than thirty years old. Those data were taken from official residential records, which are avail able at city halls.
The data were collected for two years. In the first year, letters of invitation to participate in our project were sent to about 2,000 pairs in the KTR, ranging in age from 15 to 27 years. The letter informed them of our requirement of a one-hour questionnaire to be administered at home and a three-hour assessment to include cognitive tasks, a personality inventory and blood sampling at the University. From the 2,000 letters, 315 pairs agreed to participate in the research, among which 263 pairs answered the questionnaire at home and 240 pairs took the assessment. All subjects received a written explanation of the purpose of the study, the research items, their privacy rights and safeguards, and their right to cancel participation in the research at any time. Each twin signed an informed consent document. The subjects who were less than 20-years old were also required to provide their parents' consent.
Because the sample of males was inadequate, we sent additional letters the next year to the (mostly male) twins of the KTP who had not participated in our research during the previous year. The final sample size was 301 pairs and the data reported here were obtained from the 251 pairs of twins who answered the items for the current study. The totals were 111 pairs of MZ females, 43 pairs of DZ females, 44 pairs of MZ males, ficients (Cronbach's a) of five NEO-PI-R dimensional scores for both sexes and the pooled sample. The a coef ficients for all five scores were higher than 0.83, which indicates that the NEO-PI-R is reliable enough to con duct further analyses. There were no significant mean differences due to sex, except for neuroticism (female: 107.35>male: 102.03; p=0.008).
The correlation matrix for the five phenotypic scores is shown in Table 2 . N and E, and N and C were nega tively correlated (-0.30 and -0.40), and E and O were positively correlated (0.32). In order to check a genetic contribution, twin similarities were compared as for sex and zygosity (Table 3) . For all NEO scales, MZ corre lations exceeded DZ, indicating a genetic contribution. A and C might indicate nonadditive genetic contribu tions, because DZ correlations were less than half of the MZ correlations. The N of the females and 0 of the males might indicate a shared environmental contribu tion, because the DZ correlation was more than half of the MZ correlation. Univariate genetic analysis was conducted to obtain the appropriate estimates of ge netic and environmental parameters (additive and non additive genetic/shared and nonshared environmental factors) using structural equation modeling with a maximum likelihood technique using EQS.
Univariate genetic analysis
Univariate genetic analysis partitions the covariance of twins' phenotypic values into variables of the four basic parameters in terms of a standard behavioral genetics paradigm: additive genetic (A), non-additive genetic (D), shared environmental (C), and non-shared environmental (E) factors. An additive genetic factor is the total effect of multiple genes that affect a certain quantitative trait in an additive way. A non-additive genetic factor is an interactional effect of genotypes at a single gene locus (dominance) or at multiple loci (epistasis). A shared environment is the environmental effect which makes family members alike. On the other hand, a nonshared environment makes them different. 12 In order to clarify which parameters contribute to Table 4 as mentioned above, no such effect could be found when we used a maximum likeli hood method. Table 5 Relative Contributions of Genetic and Envi ronmental Parameters (62%). The genetic contributions of N, E, A, and C were 43%, 43%, 40% and 53%, respectively.
Multivariate genetic analysis
Multivariate genetic analysis was conducted to probe the underlying genetic and environmental structures of personality dimensions. We first performed a Cholesky decomposition, which transforms the phenotypic cova riance matrices into a moment of two symmetrical ma trices. Because all dimensions showed no sex-limitation AE models exclusively in the univariate genetic analy sis, only the no-sex AE model was considered in the multivariate genetic analysis. Table 6 shows the additive genetic and nonshared environmental correlations among the NEO-PI-R scales, calculated from the solutions obtained from the Cholesky decomposition model. Substantial genetic correlations were found N-E (-0.59), N-C (-0.56), E-O>(0.31), E-A (0.39) and E-C (0.35). There were also several substantial environmental correlations: N-C (-0.26) and E-O (0.33). These shared environ mental correlations had the same positive or negative directions as the genetic correlations. As this table indicates, these five scales, except for the N-C and E-O relationships, were environmentally independent but genetically overlapped.
Because these five phenotypic factors overlapped genetically, several plausible hypothetical models were compared to identify additional genetic structures. Table 7 provides the four alternative submodels that we compared with the base (Cholesky) model. Model 2 assumes that 5 specific genetic factors independently affect the five phenotypes, and Models 3 to 5 assume that there are one, two or three common genetic factors which affect all five factors, together with 5 specific ge - Table 6 Genetic (lower) and Environmental (upper) Correlations netic ones. As the last AIC statistics indicate, the one common factor model provided the best fit. Figure 1 shows the best solution obtained from the Cholesky decomposition model.
Discussion
Recent developments in human behavioral genetics has revealed that genetic factors play significant roles in individual personality differences, and several candi date genes have been proposed that may govern per sonality development.7,15-18 Although many models have been developed that identify the fundamental dimensions of personality, the five-dimension model is the one which has been most extensively investigated from the nature-nurture point-of-view. Proponents of the five-factor model claim to identify the fundamental dimensions of personality, namely: neuroticism (N: emotional instability and anxiety); extraversion (E: dominance); openness to experience (O: culture and intellect); agreeableness (A: likability and friendliness); and conscientiousness (C: conformity and will to achieve).
Although these factors were extracted by factor anal ysis from the various descriptive expressions of person ality phenotypes and there is no theoretical genetic or biological background, large numbers of studies have been conducted to discover the contributions of nature/ nurture to the development of these five factors. Loeh lin5 has provided a comprehensive review of the be havioral genetic research on five-factor models. The important issue at this point, which has scarcely been addressed, is to determine the genetic structure, if any, of these five factors. For all five factors on the NEO-PI-R, the relative proportions of total genetic influence in our study were comparable to those reported by Loehlin5: 0.43 (pres ent study) vs. 0.41 (Loehlin) for neuroticism; 0.43 vs. 0.49 for extraversion; 0.62 vs. 0.45 for openness; 0.40 vs. 0.35 for agreeableness; and 0.53 vs. 0.38 for con scientiousness. It is important to note that the basic assumptions of behavioral genetics with respect to personality-substantial genetic contribution (40-50%) and no shared environmental effects-were both repli Table 7 Comparison of Different Genetic Structure Models for 4 Temperaments cated in this Japanese study. The most interesting finding was that, although the five factors have been claimed to be phenotypically in dependent and robust, they are shown to be genetically dependent upon each other in this study. It seemed that at least one common genetic factor is necessary to ex plain the genetic interdependence between the five personality dimensions. It cannot be claimed that those five factors are genetically independent, even if the Big Five Model provides a robust "phenotypic" structure.
As Fig. 1 indicates, each factor makes both general and specific genetic contributions. Among these five factors, O (openness to experience) and C (conscien tiousness) showed greater contributions from their spe cific genetic factors. It has been shown that O might be related to cognitive function or intelligence; therefore, its specific genetic factor could be related to the intel lectual component, known to be one of the most ge netically influenced psychological factors.
The other finding is that neuroticism and extraver sion exhibit a negative genetic correlation, which sug gests that it may prove useful to look for a biological substrate for these two dimensions of personality.
We should be cautious about generalizing the results of this research because there are substantial sampling biases. However, it is worth noting that our results for all five factors purportedly tapped by the NEO-PI-R are comparable to the results reported in Western studies, and that the genetic structure of the five-factor model is again shown to be complex. Our results are thus consistent with previous results obtained in both Canada and Germany. Ethnic comparisons of the underlying genetic and environmental structures would be an interesting agenda for the next step. (Jang KL, Angleitner A, Riemann R, Livesley WJ, Vernon P: unpublished observations, 2000)
Our results indicate that the "big five" is a pheno typic, not a genetic structure. This might be because these five factors are constructed by conceptual catego rization of personality descriptions. In addition to the need for further cross-cultural studies, future research should look at the relationship between the "big five" model and more biologically-based models of person ality such as Cloninger's psychobiological model of temperament and character.19
